ABSTRACT Principal component analysis was carried out to determine the interrelationships between subjective symptoms experienced by workers using various types of vibrating tools (brush *saws (41), rock drills (39), chipping hammers (42) and chain saws (49)) and control groups (clerks (44), farmers (42)). The characteristics of the patterns of common factors extracted from these symptoms and the frequency distribution of the factor score of the main principal components were compared among the groups. From a wide variety of symptoms, a principal component related to peripheral nerves, muscles, and joints and a component related to peripheral circulation were extracted specifically and separately. The complaints of rock drillers reflected a peripheral circulatory factor and those of chain saw users presented a complex factor of nerves, muscle, and joints.
Vibration disease caused by using manual vibrating tools occurs in many occupations. This syndrome comprises not only the peripheral circulatory disturbances known as vibration induced white finger (VWF) but also disturbances of peripheral nerves, muscles, bones, and joints. A wide variety of different types of disturbance may arise from the succession of physical blows impacting on the hand holding a vibrating tool. '-4 Among these disturbances, VWF has been examined intensively and is well described.56 Recently, however, the concept of vibration disease has been expanded to encompass the complex of symptoms associated with vibrating tools.7 The large number and the characteristic distribution of reports of these symptoms among operators of vibrating tools appear to be evidence that they are associated with certain types of tool vibration.8 Each symptom, however, has been discussed separately.
In the present study principal component analysis was carried out to determine the interrelationships among the subjective symptoms experienced by workers using various types of vibrating tools and characteristics of the patterns of common factors that were extracted from these symptoms, and the 
Methods
All the subjects were interviewed in the middle of the 1970s by medical staff to elicit subjective symptoms using a 38 item questionnaire designed by the medical committee of vibration disease of the Japanese Association of Industrial Health. In scoring the items in the questionnaire (shown in table 3) the following ordinal scale for rating the frequency of each complaint within one year was used: "frequently" was given a score of 2 whereas "never" and "seldom" were given a score of 1. The questionnaire data were analysed by factor analysis.'3 1 " Pearson correlation coefficients between all pairs of complaints in the four exposure groups were computed, and a correlation matrix (38 x 38) was obtained. This matrix was analysed using the principal factor method with iteration. The resultant factor matrix (38 x N, N = estimated number of factors) was rotated by the varimax method, and the new varimax factor matrix was used Futatsuka, Yasutake, Sakurai, and Matsumoto to categorise the 38 complaints. Factor scores for each subject in all six groups were also computed. Three factors were chosen on the basis of practical usefulness, and 48*3% of the variance was accounted for by the three extracted factors.
Some of the subjects were diagnosed as suffering from VWF or peripheral neuromuscular disorders of vibration disease from data obtained by using the method and criteria recommended by the Japanese Ministry of Labour. '5 Results PREVALENCE OF COMPLAINTS Table 3 shows the prevalence rate of each complaint by subject group. The prevalence of Raynaud's phenomenon was 7-3% among brush saw operators, 84-6% among rock drill operators, 31*0% among chipping hammer operators, 36-4% among chain saw operators, and 2-3-2-4% in the non-exposed groups. In general, the highest prevalence rates were found in the chain saw operators. Many types of local complaints in the hands were higher in the Table 4 Correlation matrix among 38 items complaints in the exposure groups Table 4 shows the correlation matrix of the 38 complaints in the four exposure groups. Table 5 shows the varimax rotated factor matrix under the estimation of three factors. Factor 1 had a high value of factor loading (0.7-0.8) with 36-9% contribution ratio in various types of complaints, especially those related to the peripheral nerves, muscles, and joints of the hands. Factor 2 mixed plus and minus values with no characteristic tendency except for relatively high minus values for items of peripheral sensation. Factor 3 was characteristic only of Raynaud' s phenomenon, and had a high value.
FACTOR SCORE FOR THE EXTRACTED FACTORS AND THE RELATED CHARACTERISTICS
A factor score was calculated for each subject using formulas based on the principal factor analysis (see appendix). The mean values of the factor scores for 2-5- drill group's factor 3 scores were significantly high, as were the factor 1 scores for the chain saw group and the chipping hammer group. It was interesting to find that each exposure group was located in a different area in the Z,-Z3 dimension.
Factor scores were calculated for each subject in the whole population from which the group of chain saw operators was drawn (n = 463). Figure 3 shows the frequency distribution of factor scores in three groups (with VWF, without VWF but with disturbances of peripheral nerves, muscles, and joints, and farmers). The group of chain saw operators had significantly high scores (p < 0.01) for both the VWF group (n = 93) and the peripheral neuropathies group (n = 88) at the same value in factor 1. As for factor 3, chain saw operators with VWF had significantly high scores (p < 0.01) and the group with peripheral neuropathies had the same score as the group of farmers.
Discussion
In many previous studies subjective symptoms have muscle, and joints and a component for peripheral circulation were extracted specifically and separately. The complaints of the rock drillers reflected a peripheral circulatory factor whereas those of the chain saw operators and the chipping hammer operators presented a complex factor of nerves, muscles, and joints. It was considered that the peripheral circulatory factor might be effected by the weighted vibration level itself and that the factor related to peripheral nerves, muscles, and joints might be strongly affected by working conditions that were not always similar when operating the vibrating tools.
The validity of the analysis must depend on the reliability of the information gathered from the questionnaire. It would be interesting if material obtained from other groups exposed to vibration was analysed by the method seen here and compared with the results of objective tests in order to obtain more universally applicable results. 
